Genetic differences in natural vs hormone-induced ovulation rates were compared in immature female mice from five lines that had undergone long-term single-trait and antagonistic index selection for litter size and(or) 6-wk BW. Lines used were control (K); high litter size (L+); high BW (W+); low litter size and high BW (L-W+); and high litter size and low BW (L+W-). Natural ovulation rate at a mean age of 34.3 d and hormoneinduced (5 IU of pregnant mare's serum gonadotropin followed 2 d later by 5 KJ of human chorionic gonadotropin) superovulation rate at a fixed age of 31 d were obtained. Total number of eggs ovulated was affected by line (P < .001), treatment (P < .001), and line x treatment interaction (P < .001). Line differences were subsequently tested within treatment because of the signifcant line x treatment interaction. Line differences were important (P < .001) for natural ovulation, hormone-induced ovulation, and response to hormones. Mean natural ovulation rates for K, L+, W+, GW+, and L+W-were 14.1, 19.8, 15.1, 13.6, and 16.4, respectively. Selection changed ovulation rate by 40, 16, 7, and 4% in the L+, L+W-, W+ and L-W+ lines, respectively (P < .01). Hormone-induced ovulation rates in K, L+, W+, L-W+, and L+W-were 32.3,24.6, 19.6, 20.9, and 22.1, respectively. Exogenous hormones increased ovulation by 18.2, 4.8, 4.6, 7.3, and 5.7 ova for K, L+, W+, L-W+, and L+W-, respectively (P e .001). Lines with lower natural ovulation rates had higher responses to superovulation. Increased ovulation rate due to treatment ranged from 24.3% in L+ to 129% in K. These results indicate s i m c a n t differences among lines in ovarian response to exogenous hormones. 
Introduction
Ovulation rate is an important component of reproductive performance. Ovulation rate in mice has been increased by direct selection (Bradford, 1969; Land and Falconer, 1969) and as a correlated response to selection for litter size, BW or testes weight (Bradford, 1968 (Bradford, , 1971 Land, 1970; Islam et al., 1976; Bakker et al., 1978; Durrant et al., 1980; Brien, 1986; Pomp and Eisen, 1991) . Land (1970) reported genetic correlations between BW and natural and induced ovulation rates of .4 and .6, respectively. Changes in ovulation rate 4299 resulting from selection for body size were due mainly to changes in concentration of FSH (Fowler and Edwards, 1960; Edwards, 1962) , whereas changes in ovulation rate from selection for litter size were due mainly to ovarian sensitivity (McLaren, 1962) . Although variation in natural ovulation rate may result from differences in FSH concentration and ovarian sensitivity, variation in ovulation rate resulting from exogenous gonadotropins would be expected to be due mainly to differences in ovarian sensitivity (Land and Falconer, 1969) . Land and Falconer (1969) reported a realized genetic correlation of .33 between natural and induced ovulation rates. Spearow (1988a) demonstrated the existence of a small number of major genes controlling hormone-induced ovulation rate in young mice.
Measuring hormone-induced ovulation rate in mice from five lines diversely selected for growth and(or) litter size provides information about variation among lines in ovulatory response to hormone treatment. The objective of the present study was to evaluate the magnitude of genetic differences in 1) natural ovulation rate, 2) hormone-induced ovulation rate, and 3) interactions between lines and treatment (natural vs hormone-induced).
ET AL.
Materials and Methods
Genetic Sfuch. Lines used in this study were selected as follows: increased litter size, L+; large 6-wk BW, W+; decreased litter size and increased 6-wk BW, L-W+; increased litter size and decreased 6-wk BW, L+W-; and a randomly selected control line, K. These lines were derived from a random-bred ICR (Institute for Cancer Research) population (Eisen, 1978) . Selection was continued for 23 generations followed by relaxed selection. Mice were sampled from generation 61. Litter size data were collected from the parents (generation 60) used to produce mice for this experiment.
Mice were housed in cages with ad libitum access to feed and water. litter size of eight young from birth to Natural Ovulation Rate. It was important to standardize estrous cycle and age effects on ovulation rate. Within each line females were caged at 4 wk of age with random, sexually mature males of the same line. Exposure of immature female mice to mature, intact males accelerates the onset of sexual maturation (Vandenbergh, 1967 (Vandenbergh, , 1969 Vandenbergh et al., 1972; Eisen, 1973) . When permitted to mate at this early age, young females have a normal conception rate, litter size, and progeny birth weight (Vandenbergh et al., 1972; Eisen. 1973) .
The procedures for the recovery of singlecell embryos outlined by Pomp et d. (1988) were followed. On the day of mating, determined by the presence of a copulatory plug, females were killed by cervical dislocation and their oviducts were excised and placed in .9% saline. Onecell embryos were removed from the oviducts by incising the oviductal wall at the site of the embryocumulus bulge. Embryos were freed of cumulus by short exposure to hyaluronidase6 and counted under a dissecting microscope to determine ovulation rate.
Hormone-Induced Ovulation Rate. (Spearow 1988a,b) . Statistical Analysis. Within each litter at 28 d of age onehalf of the full-sib females received PMSG and hCG and the remainder were assigned to be natural ovulation rate controls. This split-plot design was replicated over time. Total eggs ovulated and eggs from the left and right oviduct were analyzed based on a statistical model that included the overall mean, fixed effects of line, treatment, and line x treatment, and random effects of litter within line and residual. Litter within line included replication effects. Preliminary analyses indicated that effects due to replicates and a l l interactions with replicates were negligible, as were the covariates weaning weight and weight weaning. Initial evaluation of the data revealed heterogeneity of variance among lines for superovulation rate. Both a log transformation and a 1/ $ transformation were performed.
Results of analyses on transformed data did not differ from those on the initial data; therefore, all results presented are from analyses of nontransformed data.
Results
Significant line differences existed for litter size. Mean litter sizes at birth from the parental generation are given in Table 1 . Litter size increased (P < .001) in the L+, L+W-, and W+ lines by 43.5, 13, and 11.9%, respectively, relative to K, and decreased in L-W+ by
13.7% (P e .OOl).
Mean BW at copulatory plug differed (P C .001) among lines within treatment (Table 2) in a manner expected by the selection criterion applied (Eisen, 1978) . Weights at copulatory plug of hormonally induced ovulators were lower (P < .00l) than weights of natural ovulators for each line because the hormoneinduced ovulators were SignjficantJy younger (31 d of age) at mating than natural ovulators ( Table 2 ) . Ages at copulatory plug in the natural ovulation group were similar among the lines except for L+, which were younger (P < .05) than the other four lines.
Analyses of variance for number of ovulations are shown in Table 3 . Line, treatment, and line x treatment interaction effects were significant for total eggs, number of eggs from the right oviduct, and number of eggs fkom the left oviduct. Further analysis showed that lines differed (P < .OOl) within each treatment (Table 4 ) . Right and left ovaries responded similarly to exogenous hormones (data not presented).
Least squares means of ovulation rate are displayed in Figure 1 . Line (Table 4) . Line x treatment interaction was significant (Table 3) ; increases in ovulation rate ranged from 24.3% in L+ to 129% in K It is relevant to note that the L+, L+W-, L-W+, and W+ lines had increases in ovulation rates of 4.8,5.7, 7.3, and 4.6, respectively, after hormone induction. In the K line five individuals had ovulation rates of 45, 45, 46, 50, and 69 eggs. This is in excess of 10 eggs above any females from the other lines (except two L+ mice with 45 and 56 eggs). These individuals were predominantly responsible for the large shift in the K mean, whereas the remaining 13 observations for superovulation (Figure 1 ) . rate were more in line with the increases seen in the other four lines. Therefore, the mean shift in hormone-induced ovulation rate of 18.2 eggs in the K line may be misleading.
Discussion
In the present study lines differed in natural ovulation rate, gonadotropin-stimulated ovulation rate, eggs from the left and from the right oviduct, and litter size. Further, significant selection line x treatment interaction effects were observed for total eggs and eggs from the right and left oviduct. These l i e s also showed significant increases and large variance in response to exogenous hormones. Replicate selected lines were not available to account for drift effects. Because significance tests are based on variance within lines, inferences were limited only to the selected lines and cannot be made to the base population (Hill, 1980) . The lack of significant differences among selected lines for hormone-induced ovulation rate may be due to insufficient sample sizes. The increased variation resulting from hormone usage resulted in larger standard errors and reduced power for testing compared with natural ovulation rate.
The apparent pattern in ovulatory response to exogenous hormones and selection background is intriguing. Lines with the lowest natural ovulation rates ( L W + and K) exhibited the highest percentage responses to superovulation (53.9% and 129% respectively), and lines with higher ovulation rates &+, W+, L+W-) showed less response to exogenous hormones. Selection for increased weight or increased litter size may play a role in reducing sensitivity of the ovary to exogenous hormones. However, the high superovulation rate in the K line makes interpretation difficult because of the five outliers noted previously. The basis for the five extremely high ovulation rates in the K line is presently unresolved. There is the possibility that major genes for high ovulation rate are segregating in this line, but this hypothesis remains to be tested.
Spearow (1988a) reported the presence of major genes affecting hormoneinduced ovulation rate in inbred lines of mice. The number of ova shed during estrus is a function of serum concentrations of gonadotropins and ovarian responsiveness to gonadotropins (Spearow, 1988a) . This study supports the findings of Spearow (1988a,b) in which he qb9eLines within a column and with no supeTscripts in common M e r (P < .05).
'Denotes a signircant response across a row to exogenous hormones, Duncan's multiple range test. detected genetic differences among inbred lines of mice in response to exogenous hormones. Published data suggest that mice possess a considerable amount of variation in ovarian responsiveness to exogenous gonadotropins (Fowler and Edwards, 1957; McLaren, 1962; Bradford, 1969; Land and Falconer, 1969; Bindon and Pennycuik, 1974 ; W a n t et al., 1980). Genetic variation in hormone-induced ovulation rate at 28 d of age in mice may arise from genetic differences in 1) age at puberty; 2) maturation and ovulation of follicles by endogenous gonadotropins; 3) maturation of follicles by endogenous gonadotropins and ovulation by exogenous gonadotropins; 4) agedependent responses to gonadotropins; or 5) ovarian responsiveness to exogenous PMSG and hCG (Spearow, 1988b) .
Because PMSG has both FSH and LH activity and hCG has LH activity, it is possible that the lines previously selected for high litter size (and concomitant high ovulation rate) already had amounts of endogenous FSH, LH, or GnRH needed for elevated ovulation rates. Therefore, superovulation with PMSG and hCG had less of a supplemental value on increasing number of eggs shed. In contrast, the K and L-W+ lines, which were randomly selected or selected for decreased litter size, may not have had maximal endogenous hormone levels, and the boost received exogenously from PMSG and hCG was beneficial in the recruitment of additional follicles and the subsequent ovulation of more eggs.
Ovulatory responses to exogenous hormones may depend on natural ovulation rate of a particular genotype. In this study, response to exogenous hormones was inversely related to initial ovulation rat% however, with the exception of K there was no difference in hormone-induced ovulation rates (Table 4) . Excluding K, the four selected lines seem to have reached a plateau in hormone-induced ovulation rates, because although these lines differed significantly in natural ovulation rates, they did not differ in hormone-induced ovulation rates. Therefore, one can speculate that line differences in natural ovulation rate were attributable to differences in endogenous FSH activity and(or) to differences in receptor numbers, and that stimulation with exogenous PMSG and hCG negates these differences by saturating the receptor sites. Pomp and Eisen (1991) discussed the point that although the high litter size line may be near a physiological limit in terms of litter size, there is further potential for increasing ovulation rate in these mice.
The positive response to flushing obtained in these same lines of mice by Pomp and Eisen (1991) parallels the positive response obtained from hormonally induced superovulation in the present study. Pomp and Eisen (1991) . however, found that the L+ and L-W+ lines showed the greatest response to flushing (20.5 and 24.2%, respectively) and that the L+ line showed both the highest natural ovulation rate (20.3) and the highest diet-induced superovulation rate (24.5). In contrast, it was the control line in the present study that had the largest response to hormonally induced superovulation (129%) and the highest superovulation rate (32.3). As already noted, the high response in the K line may not be associated with polygenic variation. Pomp and Eisen (1991) concluded that genetic diffemnces among lines existed in response to flushing. In the present study, genetic differences among lines existed in sensitivity to exogenous gonadotropins. Comparison of line responses in these studies suggests that the ovulatory response to flushing may be controlled by a different mechanism than response to hormonally induced ovulation rate. It seems that different genes may respond to the long-term stimulus of flushing than respond to the short-term stimulus of exogenous hormones. Pomp and Eisen (1991) noted that the observed genotypic responses to flushing may be useful in understanding the mechanisms by which increased ovulation rate does not necessarily lead to increased litter size. If, for example, superovulation due to flushing results in a longer ovulatory period, then preimplantation losses may increase. Similar results might be expected from hormone-induced superovulation.
Genotype influences reproductive responses to superovulation in mice (Spearow, 1988a,b) . Further, genetic variation in ovulation rate, embryo survival, and litter size is evident both among and within breeds of pigs and mice (Bradford, 1969; Land and Falconer, 1969; Johnson and Omtvedt, 1973; Dufour and Fahmy, 1975; Eisen, 1986) . Therefore, consideration should be given to the genetic background of animals used in physiological studies. Spearow (1988a) attributed increases in natural ovulation rate and superovulation rate to the serum concentrations of gonadotropins and the ovarian responsiveness to gonadotropins. Selection lines used in this study vary in sensitivity to gonadotropins @Irrant et a]., 1980) as well as gonadotropin receptors (Pomp et al., 1988) . Measuring the hormone-induced ovulation rate of mice from these five highly selected lines has revealed genetic variation in this trait.
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Implications
These results show that response to exogenous hormones is not uniform across genotypes. Therefore, recommendations for hormonally induced ovulation must be for a specified genotype. A relatively low realized genetic correlation exists between natural and induced ovulation rate. The present data support the hypothesis that different sets of genes may regulate natural and hormoneinduced ovulation.
